D uring the past decade, increasing rates of opioid abuse have developed in regions throughout the United States, including the New England area (Massachusetts, Maine, Connecticut, New Hampshire, Rhode Island, and Vermont).
1,2 A sharp rise in opioid-related deaths since 2014 has signaled a crisis throughout Massachusetts, prompting an increased focus on the morbidity, mortality, and health care utilization associated with intravenous drug abuse (IVDA). 1, [3] [4] [5] Opioid abusers are at increased risk for serious infections related to the intravenous route of administration. Viral hepatitis, human immunodeficiency virus, infectious endocarditis, and septic arthritis are all well-described sequelae of IVDA. [4] [5] [6] Similarly, IVDA can lead to a vision-threatening endogenous fungal endophthalmitis (EFE) caused by the hematogenous dissemination of pathogens to the eye.
7,8
This infection represents end-organ damage of IVDA and portends a poor visual outcome and substantial morbidity. In EFE, mycotic organisms reach the eye by seeding of the choroidal circulation, leading to an infectious chorioretinitis. 9 Funduscopic examination may demonstrate a variety of findings, including creamy chorioretinal lesions in the posterior pole, diffuse vitreous inflammation, and/or focal vitreous opacities forming a "string of pearls." [10] [11] [12] Unfortunately, clinical findings can also be nonspecific, emulating noninfectious forms of uveitis. 13 In addition, patients often experience chronic, vague symptoms of reduced vision, redness, and pain, leading to a delay in diagnosis and treatment. 13, 14 At the New
England Eye Center at Tufts Medical Center in Boston, a substantial increase in cases of EFE has been noted since May 2014, prompting investigation into predisposing risk factors, specifically IVDA. Given the morbidity associated with EFE, an update on patient characteristics, treatment, and outcomes is crucial to the management of care for future patients with this vision-threatening disease.
Methods
A medical records review beginning July 1, 2016, was performed identifying all patients referred with endogenous endophthalmitis from May 1, 2014 
Results
Ten eyes of 10 patients met all inclusion criteria over the study interval for this analysis. Two patients with a history of IVDA and endophthalmitis were excluded because cultures were nondiagnostic for a fungal cause, and clinical evidence suggested a polymicrobial infection. In 1 patient, blood and ocular cultures grew Serratia marcescens and sputum cultures grew Candida albicans; in the other patient, blood cultures grew methicillin-sensitive Staphylococcus aureus and ocular cultures were negative. One patient with a history of recent IVDA, who presented with a retinal detachment and clinical evidence of endophthalmitis following prolonged therapy for uveitis at another institution, was excluded given an inability to qualitatively describe clinical findings, perform imaging, or accurately monitor response to therapy. Two patients presenting with endophthalmitis after recent ureteral stent placement were excluded since there was no history of IVDA.
Patient characteristics and clinical findings are detailed in the Table. The mean (SD) patient age was 34 (11) years (range, 24-60 years); 5 patients were female. All patients resided in the New England region: Massachusetts (n = 7), Maine (n = 2), and Vermont (n = 1). All patients were referred to New England Eye Center for retinal evaluation. Three patients initially denied intravenous drug use; however, all patients eventually reported prior IVDA. Six patients had a history of intravenous heroin use, 1 heroin user also reported intravenous cocaine use, and 1 patient used intravenous buprenorphine with naloxone. Three patients did not specify which intravenous drug they used. All patients were ambulatory at presentation. Nine patients were clinically well, lacking systemic signs or symptoms of infection, and the tenth patient reported fevers and night sweats. One woman was pregnant on presentation. All patients were negative for human immunodeficiency virus. Four patients were known to be hepatitis C
Key Points
Question What are the clinical features of patients presenting with intravenous drug abuse-related endogenous fungal endophthalmitis during the height of New England's opioid crisis?
Findings Medical record review revealed 10 patients treated for intravenous drug abuse-related endogenous fungal endophthalmitis at New England Eye Center from May 2014 to May 2016. All patients were ambulatory at presentation, and 90% had isolated ocular symptoms without systemic signs of infection.
Meaning Patients with intravenous drug abuse-related endogenous fungal endophthalmitis are typically systemically well on presentation, thus requiring health care professionals to maintain a high index of suspicion to facilitate timely diagnosis and initiation of treatment.
positive, and another patient received a new diagnosis of hepatitis C during her inpatient hospitalization for endophthalmitis. Other comorbidities included type 1 diabetes (n = 2), immunomodulatory therapy (n = 1), end-stage renal disease (n = 1), immunodeficiency (n = 1), laparotomy (n = 1), and indwelling line removal (n = 2). All patients were unilaterally affected. The most common presenting symptoms were floaters (n = 8), reduced vision (n = 6), pain (n = 5), and photophobia (n = 3). Presenting VA ranged from 20/25 to the detection of hand motions only. Three patients had a hypopyon on initial slitlamp examination. On dilated fundus examination, 5 eyes presented with a single chorioretinal lesion, 2 eyes with multifocal lesions, and 2 eyes with an isolated vitritis ( Figure 1) . In 1 eye, a dense vitritis precluded a view of the underlying retina. All eyes had evidence of vitreous inflammation, 4 eyes had the classically described string of pearls formation, and 3 eyes had fluffy "snowball" opacities. Initial chorioretinal lesions were located in the macula of 5 eyes and in the peripapillary region of 1 eye. One eye had both peripapillary and macular lesions.
Nine patients were admitted to the hospital for inpatient workup and administration of systemic antifungal therapy. One patient refused admission. Nine patients underwent intravitreal injection with an antifungal agent as the primary treatment within 3 days of presentation. The choice of intravitreal agent was at the discretion of the treating retina physician, with 7 eyes receiving voriconazole, 100 μg/0.1 mL, and 2 eyes receiving amphotericin B, 5 μg/0.1 mL. All 9 patients underwent vitreous tap prior to intravitreal injection; 2 patients required anterior chamber tap after dry vitreous tap. One patient initially refused intravitreal treatment but underwent subsequent injection at the time of pars plana vitrectomy (PPV) 45 days after initial presentation. All patients were initially treated with a systemic antifungal agent at the discretion of the consulting infectious disease clinician: intravenous voriconazole in 8 patients, oral voriconazole in 1 patient, and oral fluconazole in 1 patient. Patients were discharged home with oral antifungal therapy for a total mean (SD) treatment duration of 55 (17) days (range, 35-76 days) in patients followed up for more than 2 weeks; 1 patient was followed up by an outside infectious disease clinician.
Five eyes eventually required PPV; the indication in all 5 of these patients was worsening vitritis and/or VA despite intravitreal and systemic antifungal therapy. Visual acuity at the time of PPV ranged from 20/100 to counting fingers at 0.3 m. The mean time from presentation to surgery was 18 (16) days (range, 7-45 days). Four patients had negative vitreous or anterior chamber tap cultures at the time of decision to proceed with PPV. One patient had a blood culture positive for Candida tropicalis at the time of surgery. Another patient, who refused initial tap and intravitreal injection, had negative blood cultures at the time of surgery. All patients underwent vitreous biopsy and received an intravitreal antifungal injection at the time of surgery. One patient required repeat vitrectomy at the time of subsequent cataract extraction. Five patients required a total of 2 intravitreal injections throughout the course of their treatment (all on presentation, 4 with subsequent injection at the time of PPV, and 1 with subsequent injection at a follow-up office visit 6 days after the initial presentation for worsening vitritis). Five patients required only 1 intravitreal injection throughout the course of their treatment (4 on presentation and 1 at the time of PPV). Surgical complications included vitreous hemorrhage (n = 1), cystoid macular edema (n = 1), and cataract (n = 1).
Vitreous or anterior chamber tap sample, taken at the time of initial intravitreal injection, was positive in 2 eyes. A vitreous sample for biopsy taken at the time of PPV was positive in 1 patient who had a previously negative vitreous tap. Blood cultures were positive for fungus in 1 patient. Causative organisms were identified as C albicans (n = 2), C tropicalis (n = 1), and Candida dubliniensis (n = 1). The most commonly isolated pathogen was C albicans in 20% of the patients. Final VA ranged from 20/40 to 20/300. The 5 patients who underwent PPV had a median final VA of 20/70. The 3 patients monitored in our series who did not undergo PPV had a median final VA of 20/300. No patients required enucleation. Mean time from presentation to last followup was 94 (103) days (range, 6-294 days). Two patients failed to follow up after initial evaluation. Only 1 patient is still actively receiving follow-up with the New England Eye Center; all other patients were eventually nonadherent to follow-up.
Discussion
Increased prescription of opioids by health care professionals, followed by the growing availability and lower cost of heroin, has contributed to the rise of opioid abuse throughout the New England region over the past 2 decades. 2,16,17 A sharp increase in unintentional opioid-associated deaths in 2014 signaled an opioid crisis within Massachusetts communities, prompting increased focus on the morbidity and mortality of opioid addiction. 1, 3 Serious infections related to IVDA, such as endocarditis, human immunodeficiency virus, hepatitis C, and osteomyelitis, have been extensively studied.
4-6
Endogenous fungal endophthalmitis similarly represents severe end-organ damage associated with IVDA. The New England Eye Center noted a substantial increase in cases of EFE since May 2014, prompting investigation into predisposing risk factors. Intravenous drug abuse was the most common risk factor for the development of EFE among the studied patient population. From May 2014 to May 2016, 10 cases of EFE were attributable to IVDA, which is an increase from only 3 cases seen from May 2012 to April 2014. This occurrence represents a 233% increase in IVDA-associated EFE over the past 2 years, mirroring regional trends of heroin-associated mortality and hospital admissions. 1, 3 This noted increase may also be influenced by the referral patterns to a tertiary care medical center. To our knowledge, there have been no series investigating the clinical characteristics of IVDA-associated EFE in light of the growing opioid epidemic. An update on clinical features and outcomes is mandatory to limit the severe morbidity related to this increasingly prevalent disease. This present review included only cases of EFE in which a history of intravenous drug use was elicited. The most frequently used substance was heroin. One patient reported recent injection of buprenorphine with naloxone, a medication used to treat opioid addiction. Three patients initially denied any history of use when specifically asked about drug use on presentation. Once patients were informed that knowledge of intravenous drug use was vital to making appropriate treatment decisions, all admitted IVDA. Eliciting a history of IVDA can prove to be vital since the often nonspecific intraocular inflammation seen in EFE can pose a diagnostic challenge. Physicians can utilize systemic clues, such as needle tracks, skin ulcerations, or related comorbidities (eg, history of hepatitis C infection as seen in 5 of our patients) to aid in making the diagnosis. The nonadherence seen in this patient population is important when making treatment decisions. Two patients in our series did not follow up after their initial examination, and an additional 2 patients were lost to follow-up within 2 weeks of diagnosis. All patients received intravitreal antifungal agents at the time of presentation, which may have reduced morbidity from EFE in these transitory individuals. Additional challenges included medication and drop nonadherence, intervention refusal (hospital admission and intravitreal injection), and intermittent follow-up.
First extensively studied during a European heroin outbreak in the 1980s, the association between Candida endophthalmitis and IVDA has now been confirmed in multiple series. 7, 8, [18] [19] [20] Candida species were the only causative organisms identified in our patient population, with 3 patients having positive ocular cultures. Two patients had positive vitreous tap cultures, and 1 patient had a positive vitreous biopsy culture. Seven patients had negative ocular cultures. This seemingly low diagnostic yield is characteristic of Candida endophthalmitis, with histopathologic studies showing that Candida preferentially sequesters within inflammatory nodules, insulating the organism and limiting the yield of culturing techniques. 21 Initial vitreous tap often has low diagnostic yield given the small sample volume, limited aspiration from the middle of the vitreous cavity, and inability to direct sampling to areas of focal inflammation that are typically close to the retina surface. Even with vitrectomy affording access to larger volumes of vitreous and areas of active inflammation, the yield of vitreous cultures remained low in our series. This low yield is likely related to the intravitreal and systemic antifungal therapy given before vitrectomy. Both patients with multifocal lesions had positive ocular cultures, which may suggest a higher pathogen burden leading to an increased yield of culturing techniques. It is important that health care professionals not interpret negative cultures as sterile but rather as a consequence of the sequestered, localized inflammation characteristic of Candida endophthalmitis. All patients in our series were ambulatory on presentation, and 90% did not report systemic symptoms. Only 1 patient had positive fungal blood cultures on presentation. These findings support the notion that IVDA results in a transient fungemia, which seeds the vascular choroid soon after inoculation. 21 An otherwise healthy, immunocompetent patient may quickly clear the fungemia; however, once seeded to the choroid, Candida causes infectious destruction, invading Bruch's membrane and the retinal pigment epithelium. 22 Disruption of the tight junctions between retinal pigment epithelium cells permits infection to cross the outer blood-retinal barrier, isolating it from the systemic immune system and allowing for indolent fungal growth. This transient fungemia with brief exposure to the vascular choroid likely accounts for the unilateral involvement of all patients in our series. In contrast, systemically ill patients with sustained fungemia demonstrate a much higher rate of bilateral infection. 14, 23, 24 There are limited clinical studies on the role of antifungals and vitrectomy in the treatment of EFE secondary to IVDA. In our series, the duration of systemic therapy did not correlate with a need for surgical intervention or final VA. Systemic antifungal dosing is limited by penetration across the bloodretinal barrier. For example, amphotericin B, which is effective in treatment of systemic Candida infections, is unable to achieve therapeutic intraocular levels when administered systemically. 25 This lack of therapeutic levels can be overcome by intravitreal administration of amphotericin B, although retinal toxicity is a potential adverse effect. Voriconazole, a newergeneration triazole, demonstrates broad-spectrum coverage and better barrier penetration, with a reported intraocular concentration of 70% of plasma levels with systemic dosing. 25, 26 In addition, intravitreal dosing of voriconazole is a safe and effective means of achieving localized, high concentrations of antifungal therapy, which may prove to be prudent in patients with sight-threatening macular lesions.
In patients with worsening inflammation despite local and systemic treatment, there has been increasing interest in the diagnostic and therapeutic role of early vitrectomy. 7, 27, 28 In other cases of infectious and noninfectious uveitis, vitrec-tomy has been associated with improved visual outcomes. 29, 30 Proponents of early vitrectomy cite the therapeutic ability of PPV to clear infectious organisms, remove inflammatory mediators, and increase penetration of intravitreal and systemic therapies. 14, 31 It is important to consider the implications of operating on an acutely inflamed eye, with studies showing high rates of retinal detachment in patients with EFE despite PPV. 13 In our small series, patients who underwent vitrectomy had improved visual outcomes compared with those treated with intravitreal and systemic antifungals alone. The 5 patients who underwent vitrectomy had a median final VA of 20/70; the 3 patients who did not undergo PPV had a median final VA of 20/300. In addition, patients who underwent PPV tended to have earlier resolution of inflammation and infectious lesions (Figure 2 ).
Limitations
To our knowledge, this is the first series to investigate the clinical trends of EFE and IVDA in light of the growing opioid crisis.
Our study is limited in that the series is retrospective and may be influenced by referral patterns to a tertiary care medical center.
Conclusions
Increasing rates of IVDA in the New England region have placed more patients at risk for vision-threatening EFE. However, the marked increase in cases of EFE seen at our institution parallels the increasing IVDA-associated mortality and hospital admissions throughout Massachusetts. Patients presenting with EFE in the setting of IVDA were typically systemically well and ambulatory at time of presentation, with only ocular symptoms. A high clinical suspicion, detailed history taking, and open discussion with the patient are necessary for early and accurate diagnosis. These data suggest that prompt treatment, especially in a nonadherent patient population, can lead to improved visual outcomes and decreased morbidity. 
